IN 1958
Burkitt called attention to a sarcoma affecting the jaws of children seen at Mulago Hospital, Kampala, Uganda. He suggested that this tumour was similar to a round cell sarcoma affecting multiple viscera in children of the same age group. In 1960 O'Conor and Davies showed that these two tumours were indeed histologically identical and constituted more than 50 per cent of all the childhood cancers seen in Uganda. They classified them as poorly differentiated lymphocytic lymphomas and commented on the uniformity of the histological pattern seen in all cases. Reviewing the histology of 1]06 cases of this tumour syndrome, O'Conor (1961) divided them into poorly differentiated lymphocytic, stem cell, histiocytic and mixed histiocytic lymphocytic lymphomas, the majority falling into the first category. The purpose of this study was to determine the histogenesis of this tumour using cytological and histochemical methods in addition to standard paraffin sections. In particular it was to determine whether the division into various cell types by O'Conor is justified on a cytological and histochemical basis.
The number of enzymes that can be demonstrated histochemically has increased rapidly in recent years. This increase has been mainly due to the introduction of methods for the demonstration of oxidative enzymes. The oxidative enzymes on the whole are more difficult to demonstrate than the hydrolytic enzymes and, since many are involved in respiration and other essential cell functions, they tend to be common to all cells and are thus of little value in the differentiation of cell types. Conversely different cell forms show considerable variation in their content of hydrolytic enzymes. Four hydrolytic enzymes have therefore been investigated. These are acid and alkaline phosphatase, esterase and 5-nucleotidase. Preliminary investigations, and previous studies by Braunstein, Freiman and Gall (1958) on normal and hyperplastic lymph nodes indicated that tests for these enzymes should differentiate between lymphocytic, stem cell and histiocytic lymphomas, assuming that the malignant cells have a similar enzyme histochemical pattern to their normal counterparts.
MATERIALS AND METHODS
Lymphomas presenting as tumours of the jaw or having the characteristic visceral distribution described by Burkitt and O'Conor (1961) Gomori's (1952) glycerophosphate calcium cobalt method and also by Burstone's method (Pearse, 1960) using Naphthol AS-MX phosphate as the substrate and red violet L.B. salt as the coupling agent. Acid phosphatase was similarly demonstrated by Gomori's (1950) glycerophosphate lead nitrate method and by Burstone's (1958) method using Naphthol AS-BI phosphate as the substrate. The naphthyl acetate method (Pearse, 1960 ) using a variety of coupling agents was used to demonstrate esterase. Wachstein's and Meisel's (1957) lead nitrate method using adenosine 5-phosphate as the substrate was used to demonstrate 5-nucleotidase.
Leishman and Giemsa preparations were made from the imprints. Imprints were also stained for lipids using Oil Red 0 4B and Sudan black; for glycogen by the periodic acid Schiff reaction before and after salivary digestion, and for DNA by the Feulgen reaction.
RESULTS
Twenty-three biopsies and 3 post mortem specimens were obtained from 25 cases of the Burkitt syndrome (biopsy and post mortem specimens were obtainled in one case). Table I shows the sites from which these tissues were obtained- (Fig. 2) .
The clear histiocytes in imprints have a large cytoplasmic nuclear ratio with a finely stippled nucleus usually containing two blue nucleoli. The cytoplasm is slightly eosinophilic and often laden with pyknotic nuclei and other cellular debris. The histiocytes obtained from tumours that do not show the starry sky effect have a smaller amount of more deeply eosinophilic cytoplasm. All gradations between these two forms may be seen.
Lipids
The cytoplasmic vacuoles of the lymphoid cells stain with both Sudan black and Oil Red 0. In the few cases in which there are no cytoplasmic vacuoles the lymphoid cells fail to stain with Oil Red 0 but show diffuse cytoplasmic staining with Sudan black. Sudanophilia is usually most marked around areas of degeneration. Histiocytes may be stuffed full of fat globules or show only diffuse cytoplasmic staining with Sudan black.
Periodic acid schiff
The cytoplasm of the histiocytes stains diffusely pink with the PAS reaction and usually contains granules and irregular aggregates of PAS positive material. The majority of lymphoid cells contain no PAS positive material though occasional cells may contain numerous glycogen granules that can be removed by prior salivary digestion. These usually occur in the smaller more mature lymphoid cells.
Enzyme histochemistry
The enzyme activity of the Burkitt lymphoma is shown in Table II . All the Burkitt lymphomas studied showed numerous histiocvtes scattered throughout the tumour, as revealed by acid phosphatase and esterase activity (Fig. 3, 4) . There are usually many more histiocytes in these preparations than are suspected from examination of haematoxylin and eosin stained sections. This is in part due to the intrusion of enzymatically active cytoplasm into the plane of section, whereas the histiocyte would be recognised in haematoxylin and eosin preparations only if its nucleus was in the plane of section. It is also due to the inconspicuous nature of manv histiocytes in haematoxylin and eosin sections. DISCUSSION- The striking difference in the anatomical distribution and clinical behaviour of the Burkitt tumour from temperate climate lymphomas led to considerable confusion as to its histogenesis and a reluctance to call it a lymphoma. Before its recognition as a distinct tumour syndrome it was frequently diagnosed as a neuroblastoma showing an unusual pattern of metastases (Clifford, 1961) . Other workers used the non-committal term of round cell sarcoma (Thijs, 1957) . C'ytologically the tumour cells closely resemble the lymphoblasts seen in acutelymphoblastic leukaemia. Cytoplasmic vacuolation is a feature of the cells in both diseases. The lymphoid cells of Burkitt's tumour also resemble those of acute lymphoblastic leukaemia in containing little or no glycogen demonstrable by the PAS technique (Mitus et al., 1958) . This finding has been correlated with the absence of phosphorvlase activity from the lymphoblasts of acute lymphoblastic leukaemia. (Ackerman, 1960) . In these preparations large lymphocytes exhibit more activity than small lymphocytes.
The marked 5-niucleotidase activity of germinal follicles of lymph nodes is thought to be due to the activity of stem cells in this situation. It was hoped that activity for this enzyme might separate stem cell lymphomas from other types of lymphoma. However, in the studies of Braunstein et al. and in this investigation stem cell lymphomas have been negative for this enzyme. None of the Burkitt tumours studied in this series showed 5-nucleotidase activity of the lymphoid cells. The 5-nucleotidase activity of the histiocytes of the Burkitt tumour in contrast to a'3 the lack of activity in the histiocytes of normal lymph nodes may be related to the active degradation of nuclear remnants in the former.
The Burkitt tumour is composed of a mixture of lymphoid cells and histiocytes. It is not however classified as a mixed histiocytic lymphocytic lymphoma since the histiocytes do not have the cytological characteristics of malignant cells. They have a large cytoplasmic nuclear ratio and do not show increased mitotic activity. All the tumours studied in this series showed a uniform cytological and histochemical pattern. In no cases were there cells that gave the histochemical reactions of histiocytes that also had the cytological features of malignant cells. None of the tumours could therefore be classified as histiocytic or mixed histiocytic lymphocytic lymphomas.
The uniformity of appearance of the lymphoid cells of Burkitt's tumour in cytological preparations is most striking. There are small variations in maturity of the cells in different tumours that might justify the division of these tumours into stem cell and poorly differentiated lymphocytic types. The variations in maturity of the cells of any one tumour however makes too rigid a separation of these two categories unjustified.
The results of this investigation do not support O'Conor's (1961) separation of the Burkitt tumour into different histological types. Apparent variation in cell form can be produced by fixation and sectioning artefacts. If these artefacts are eliminated by the use of the imprint technique a remarkably uniform cytological pattern of primitive lymphoid cells showing small variations in cell maturity emerges. This cytological uniformity fits better with the present concept of the Burkitt tumour as a single entity possibly induced by an arthropod borne virus (Burkitt, 1962) than its separation into different histological types as seen in other forms of lymphoma.
SUMMARY
The results of cytological and histochemical studies on 25 cases of the Burkitt tumour are presented. They support the classification of this tumour as a lymphoma. These studies reveal a uniformity of cytological and histochemical pattern that does not justify the separation of the Burkitt tumour into different histological types.
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